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(54) Title: DUAL DIAPHRAGM PUMP 




(57) Abstract: A dual diaphragm pump comprises a 
first chamber, a second chamiier, a mechanical link, 
and a drive mecfaamsm. The first chamber comprises 
a first cavity and a first diaphragm. The first chamber 
couples a pump inlet to a pump outlet The second 
chamber comprises a second cavity and a second di- 
aphragm The second chamber couples the pump in- 
let to the pump outlet The mechanical link couples 
the first diaphragm of the first chamber to the second 
diaphragm of the second chamber. The drive mech- 
anism couples to the first diaphragm and the second 
diaphragm In operation, the drive mechanism drives 
the first diaphragm causing first fluid within the first 
cavity to exit the pump outlet while causing second 
fluid to be drawn fiom the pump inlet into the sec- 
ond cavity. Further in operation, the mechanical link 
imparts an inlet pressure force firom the second di- 
aphragm to the first diaphragm. 
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RELATED APPLICATIONS 

This q>plication claims priority fix>m U.S. ProvisioBal Patent .^ypUcatioxi 60/208,823, 
filed on Jun. 2, 2000, i^ch is incoiporated by reference. 

5 

FffiLD OF THE INVENTION 

This invention relates to the field of pumping. More particularly, this invention 
relates to the field of punq)iiig where a fluid being pumped is at an elevated pressure. 

10 BACKGROUND OP THE INVENTION 

A diaphragm punq> of the prior art includes a diq>lu:agm chambo*, an inlet check 
valve, an outlet check valve, and a drive mechanism. The dis^hragm chamber includes a 
pmnp cavity and a diiq)bragm. The dis^turagm cfaaniber coiiples to a pump iidet via the i^ 
check valve. The di^hragm chamber couples to a punq> outlet via the outlet check valve. 

IS The drive mechanism coiq>les to the diaphragnou In operation, the dis^hragm and the pump 
cavity initially retain a volume of fluid. Next, the drive mechanism causes the diaphragm to 
be pushed into the pump cavity. This causes the inlet check valve to close and the outlet 
check valve to open, which results in the volume of fluid e?dting the pvanp outlet 

Normally, the di£q)hragm pump is used to boost pressure from a low pressure to a high 

20 pressure. However, it would be advantageous to have a diaphragm pump that boosts pressure 
fi^om the high pressure to the high pressure plus a head pressure. Also, it would be 
advantageous to have a di£9hragm pump that boosts pressure fix)m the high pressure in an 
efflcient manner. 

What is needed is a diaphragm pump which boosts pressure from a hig^ pressure to 
25 the high pressure phis a head pressure. 

What is needed is a diaphragm pump ^^ch boosts pressure fiom a hig^ pressure in an 
efiELcient maimCT. 
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STJMMARY OF TEIE INVENTTON 

A dual diaphragm pump of the present inveaition coiiq[)rises a first chamber, a second 
chamber, amechanical link, and a drive mechanism. The first chamber comprises a first 
cavity and a first dis^hragm. The first chamber coiq)les a pump inlet to a piunpoutleL The 
second chamber comprises a second cavity and a second dii^hragm. The second chamber 
couples thepunq) inlet to thepunq) outlet The mechanical link couples the first di^hragm 
of the first chamber to the second diq)hragm of the second chamber. The drive mechanism 
coiq>les to the first diaphragm and the second diaphragm. In operation, the drive mechanism 
drives the first diaphragm causing first fluid within the first cavity to exit the pump outlet 
while causing second fluid to be drawn fix)m the punaqp inlet into the second cavity. Further in 
operation, the mechanical link imparts an inlet pressure force fix>m the second di^hragm to 
the first diaphragm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the preferred di£q)hragm pump of the present invention. 

FIG. 2 schematically illustrates an ^plication of the prefenred disqphragm pxanp of the 
present invention. 

nTTTAn^H n DESCRIPTION OF THE PREFERRED EMBODIMENT 

The preferred diaphragm pump of the present invmtion is illustrated in FIG. 1. The 
preferred dijqphragm pump 10 comprises first and second diaphragm chambers, 12 and 14, 
first and second inlet check valves, 16 and 18, first and second outlet check valves, 20 and 22, 
a mechanical link 24, and a drive mechanism 26. The first diaphragm chamber 12 conq)rises 
a first pump cavity 28 and a first diaphragm 30. The second diaphragm chamber comprises a 
second pump cavity* 32 and a second diaphragm 34. 

The first dizqjhragm chamber 12 is coupled to apump inlet 36 via the first inlet check 
valve 16. The first disqjhragm chamber 12 is coupled to a pump outiet 38 via the first outlet 
check valve 20. The second diaphragm chamber 14 is coupled to the pump inlet 36 via the 
second inlet check valve 1 8, The second di£q)hragm chamber 14 is coupled to the pump 
outlet 38 via the second outiet check valve 22. The mechanical link 24 couples tiie first 
diaphragm 30 to the second diaphragm 34. 

Preferably, the drive mechanism 26 is coupled to the mechanical link 24, which in 
turn couples the drive mechanism 26 to the first and second diaphragms, 30 and 34. 
Alternatively, the drive mechanism 26 is coupled to the first and second diaphragms, 30 and 
34, independent of the mechanical hnk 24. Preferably, the mechanical link 24 is a solid 
member. Alternatively, the mechanical link 24 is a liquid link such as an hydraulic link. 
Furflier alternatively but with less efiGsctiveness, the mechanical link 24 is a gas link such as a 
pneumatic link. 

Operation of the preferred pump 10 occurs over a pump cycle, which has first and 
second phases. In the Gxst phase, the first pump cavity 28 and the first diaphragm 30 initially 
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retain a first volume of fiuicL Concurrently, the second pump cavity 32 and the second 
di^linigm34retainonlyasecondsmalliesidiial volume of fluid. Next^ the drive mechanism 
26 drives the first di^hragm 30 into tiie first punq> cavity 28 while concurreody withdrawing 
the second di^hragm 34 fiiom the second punq> cavity 32* This causes the first inlet check 
5 valve 16 to close and the first outlet check valve 20 to open causing most of the first volume 
of fluid to be driven out the pump outlet 38 leaving a first small residual volume of fluid in a 
first space defmed by the fiistdiaplnagm 30 and flie first pump cavity 28. This also causes 
the second inlet check valve 18 to open and the second outlet check valve 22 to close causing 
a second volume of fluid to be drawn into a second space defined by the second pump cavity 

10 32 and tiiie second dis^hragm 34. 

hi the second phase, the second pump cavity 32 and the second di^hragm 34 initially 
retainthesecond volume of fluid. Ck>ncurrently, the first pump cavity 28 and the first 
diaphragm 30 retain the first small residual volume of fluid. Next, the drive mechanism 
drives the second di^hragm 34 into the second punq> cavity 32 while concurrmfly 

IS wiflidrawing the first diaphragm 30 fix>m the first pump cavity 28. This causes the second 

inlet check valve 18 to close and the second outlet check valve 22 to open causing most of the 
second volume of fluid to be driven out the pump ouflet 38 leaving the second small residual 
volume of fluid in the second space defined by the second pump cavity 32 and the second 
diaphragm 34. This also causes the first inlet check valve 16 to open and the first outlet 

20 check valve 20 to close causing the first volume of fluid to be drawn into the first space 
defined by the first pump cavity 28 and the first diaphragm 30. 

Preferably, the fluid at the pump inlet 36 is at an elevated gauge jyressure, i.e., a 
pressure above atmospheric pressure. Preferably, the preferred pump imparts a head pressure 
to the fluid at the pump ouflet 38. Jn such a situation, the drive mechanism 26 imparts a head 

25 pressure force to the first di^hragm 30 during the first phase while flie second dis^hragm 34, 
via the mechanical link 24, inoparts an elevated gauge pressure force against the first 
di^hragm 30 during the first phase. 

A first phase work performed on the first volume of fluid includes a head pressure 
work and an elevated gauge pressure work. The head pressure work is flie product of flie 

30 head pressure and the first volume of fluid. The elevated gauge pressure work is the product 
of the elevated gauge pressure and the first volume of fluid. Since the elevated gauge 
pressure work in the first phase is imparted by titxe second diaphragm 34, the drive mechanism 
26 only performs the head pressure work. Thus, the preferred pump 10 operates with an 
ef&ciCT^cy advantage over a single di£q>hrag;m pump because the single diaphragm pump 

35 woidd have to perform the elevated gauge pressure work as well as the pump head work. 

An exanq>le illustrates the efficiency advantage of the prefenred pump 10. If the 
elevated gauge pressure is 900 psi, the head pressure is 100 psi, and the first volume of fluid 
is 10 cu. ins., the total work performed on the first volume of fluid is 9,000 in. lbs. while the 
head pressure work is 1,000 in. lbs. In this situation, the preferred punqi 10 is 90% more 

40 efficient than the single diaphragm punq>. 
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A siqpercritical piocessmg system eiiq)loymg the preferred pump 10 is schematically 
illustrated in FIG. 2. Preferably, the supCTcritical processing 50 is used for proc 
semiconductor substrates. Altenmtively,&esi?)eKnitical piocessmg system 50 is used fo 
processing other workpieces. The siq)ercritical processuig system 50 coiiq)rises a fluid 
reservoir 52, a high pressure pump 54, a fiU/shutoflf valve 56, a supercritical piocessmg 
chamber 58, first and second drculation lines, 60 and 62, and the preferred pvmp 1 0. 

The fluid reservoir 52 is coiq)led to the higji pressure pump 54. The high pressure 
pump is coiq>led to the supercritical processing chamber 58 via the fill/shutoflf valve 56. The 
prefeired pump 1 0 is coupled to tiie superaitical piocessmg chamber 5 8 via the first and 
second circulation lines, 60 and 62. The siq)ercritical processing chamber 58, the first 
circulation line 60, tiie preferred pump 10, and the second circulation line 62 foim a 
circulation loop. 

Operation of the supercritical processing system is divided into a fill phase, a 
processing phase, and an exhaust phase. In the fill phase, the high pressure pump 54 pumps 
fluid, preferably carbon dioxide, fix>m the fluid reservoir 52 to the supercritical processmg 
chamber 58 until deshred supercritical conditions are reached in the supercritical chamber 58 
and throughout flie circulation loop. Then the fill/shutoflf valve 56 is closed and the high 
pressure pump is stopped. 

In flie processing phase, the supercritical fluid is circulated through ihc circulation 
loop by the preferred punq) 10. Ckculadon of the supercritical fluid allows filtering of the 
siq)ercritical fluid, allows the si5>eraitical fluid to pass tibrough a chemical dispensing 
mechanism, allows heating of the soipercritical fluid, and allows energy to be imparted to the 
supercritical fluid so that the si^ermtical fluid can do work such as turbulent mixing or 
momentum transfer. For supacritical caibon dioxide, the elevated gauge pressure at the 
pump inlet 36 is at least about 1,10 psi. Preferably, for die supercritical processmg, Ihe head 
pressures is about 50-150 psi. At the end of the processing phase, the preferred pmnp 10 is 
stopped. 

hi the exhaust phase, the supCTcritical processing chamber 5 8 is exhausted through an 
exhaust line (not shown) to an exhaust gas collection vessel (not shown). 

Preferably, the supercritical fluid used in the supercritical processing system 50 is the 
supercritical carbon dioxide. Alternatively, the supercritical fluid is anoflier siq)erQritical 
fluid such as supercritical ammonia or supercritical water. 

The preferred pump 10 is advantageously configured for the supercritical processing 
of the semiconductor substrates. As described above, the preferred pump 10 operates with 
the efficiency advantage when the elevated gauge pressure exceeds the head pressure. Here, 
the elevated head pressure for the supercritical carbon dioxide is at least about 1,100 psi 
while the head pressure has a maYirniim of about 150 psi. So the preferred pump 10 will 
operate with the efficiency advantage in the circulation loop. Further, processing of the 
semiconductor substrates requires system components to be clean, to be reliable, and to not 
generate particulates. Di^hragm pumps have few moving parts which generate particulates 
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SO the preferred pump 10 meets the non-generation of particulates criteria. Also, by 
minimizing dead volume, employing a self cleaning design, and designing for reliable 
operation, fhe prefecred pvanp 10 will meet the cleanliness and reliabitity criteria. 

The siqpaxnitical processing system SO is a particular application for the preferred 
5 pump 10. Alternatively, the preferred pump 10 is used in any q)plication wh^ fluid is 
pumped fix>m tiie elevated gauge pressure to the elevated gauge pressure plus the head 
pressure. Further alternatively, the preferred punq> 10 will operate in any plication where a 
di^hragm pump operates. 

It will be readily appaimt to one skilled in the art that other various modifications 
10 may be made to the preferred embodiment without departing fixim the spirit and scope of the 
invention as defined by the s^ended claims. 
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CLAIMS 



1 . A pump con^rising: 

' a, a first chamber conqwismg a first cavity 

chamber coiipled to a pvanp inlet and a pump outlet; 

b. a second chamber comprising a second cavity and a second diaphragm, 
the second chamber coiq)led to the pump inlet and the purrq) outlet; 

c, a mechanical link coupling the first diaphragm of the first chamb^ to 
the second dis^hragm of the second chambei^ and 

d a drive mechanism coupled to the first diaphragm and the second 



diaphragm such that in operation the drive mechanism drives the first 
diaphragm causing first fluid within the first cavity to exit the pump outlet 
while causing second fluid to be drawn firom the pmnp inlet into the second 
cavity and fijrther such that in operation the mechanical link imparts an inlet 
pressure force fix)m flie second diaphragm to the first diaphragm. 

2. The pump of claim 1 wherein the first chamber comprises a first inlet check 
valve coupling the pump inlet to the first chamber and fiuther wherein the first 
chamber comprises an first outlet check valve coupling the first chamber to the pump 
outlet 

3. The pimip of claim 2 wharein the second chamber comprises a second inlet 
check valve coupling the puiiq> inlet to the second chamber and fiarfher wherein the 
second chamber comprises an second outlet check valve coupling the second chamber 
to the pump outlet 

4. The pump of claim 1 wherein the mechanical link comprises a solid link. 

5 . The pump of claim 1 wherein the mechanical link comprises a liquid link. 

6. The pump of claim 5 wherein the liquid link comprises an hydraulic link. 

7. The pump of claim 1 wherein the mechanical link comprises a gas link. 

8. The pump of claim 7 wherein the gas link comprises an pneumatic link. 



9. A pump comprising: 

a. a first chamber comprising a first cavity and a first di^hragm; 

b . a first mlet check valve coupling the first chamber to a pump inlet; 

c. a first outlet check valve coirpling the first chamber to a pump outlet; 

-6- 
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(L a second chamber comprising a second cavity and a second diaphragm; 

e. a second inlet check valve coiq)ling the second chamber flie pmzq> 

inlet; 

£ a second outlet check valve coiQ)ling the second chamber to flie pump 

outlet; 

g. a mechanical link coupling the fibrst di£q>hragm of the first chamber to 

the second di£q)hragm of the second chamber; and 
h* a drive mechanism coupled to the first di^hragm and the second 

diaphragm. 

10. A method of pumping a fluid at an elevated gauge pressure comprising the 

steps of: 

eu balancing a first di^^hragm of a first di^hragm pump chamber against 

a second di^hragm of a second diaphragm pump chamber using a mechanical 
link; 

b. driving the first di^^hragm to impart a dififerential work to tiie fluid 
within the first dis^hragm puaxp chamber where the differential work 
corresponds proximately to a first product of a pump head pressure and a 
displaced volume of flie first diaphragm pump chamber; and 

c. assisting the first diaphragm pump chamber using the mechanical link 
between the first and second dic^hragms to impart a baseline work 
corresponding proximately to a second product of the elevated gauge pressure 
and the displaced volume of the first diaphragm chamber. 
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FIG. 2 



